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摘  要 
除可靠性与经济性外，NVH（Noise,Vibration,Harshness）性能也成为评价轮
式挖掘机品质的重要指标之一。90 年代初的北美、欧洲和日本就有许多企业及
学者开始对工程机械的振动噪声进行研究，并取得了很多成果。中国在该领域的
研究起步相对较晚，很多国产工程机械的性能都落后于欧洲、美洲和日本的产品，
尤其在振动噪声方面的差距更大。为了提高工程机械的舒适性，本文对轮式挖掘
机的噪声测试与控制技术进行了研究。 
首先，采用基于波束形成原理的麦克风阵列声源定位技术对挖掘机在额定转
速工况下进行了噪声源识别与定位实验，结果表明，挖掘机的辐射噪声主要分布
在发动机体，其次是冷却风扇、排气系统及传动系统。 
其次，对噪声源的特性进行了研究，为降低轮式挖掘机的机外辐射噪声与司
机耳旁噪声提供了指导。（1）利用 GT-power 软件，对原始消声器性能进行了仿
真分析，基于经典的消声器设计理论，对消声器结构进行了优化设计，为降低排
气系统噪声提供了理论依据；（2）基于 CFD 理论，运用 Fluent 软件，模拟了冷
却风扇在运行过程中的流场变化，分别探究了风扇与导风罩相关结构参数对气动
噪声的影响，为风扇及导风罩选型提供了参考；（3）对变速箱内部结构进行了分
析，找到了其噪声的产生机理，通过优化变速箱及其内部传动系的结构，降低了
其辐射噪声；（4）基于模态分析理论，运用 HyperWorks 软件，对动力舱薄板结
构进行了模态分析，通过优化加强筋数量与布置，避免了结构共振，一定程度上
降低了振动与噪声水平。 
然后，通过对噪声源的传播路径进行研究，从控制噪声辐射的角度进行了降
噪。应用 Fluent 软件中的 Acoustics 模块，对不同进排气栅格的散热性能及气动
噪声进行了模拟，分别得到了圆孔、长孔和方孔进排气栅格的流场、温度场和声
场的变化规律，为轮式挖掘机动力舱热平衡与低噪声提供了指导。 
最后，依据研究结果，对挖掘机消声器、冷却风扇、机罩、变速箱和动力舱
结构等进行了改进。对改进后的挖掘机进行了振动噪声测试，对比改进前后的测
试结果可知，改进后挖掘机的振动噪声水平均有所降低，验证了改进方案的可行
性与有效性。 
关键词：噪声源识别；噪声源控制；传播路径 
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ABSTRACT 
NVH（Noise,Vibration,Harshness）performance has become an important index 
to evaluate the quality of wheel excavator besides from its reliability and economy. In 
the early nineties，a lot of enterprises and scholars from North America，Europe and 
Japan started to research the noise and vibration of engineering machinery and have 
gained a lot of achievements. It was relatively late for Chinese scholars to work on 
this field. The performance of a large number of engineering machineries which are 
made in China are inferior to products produced in Europe,American,and Japan. The 
gap is particularly big in noise and vibration performance. In order to promote the 
comfort of engineering machinery，noise measurement and control technologies were 
researched in this paper. 
Firstly,a technology based on beamforming theory which was called microphone 
array sound source localization was used to conduct a noise source identification and 
location experiment for an excavator at its rated speed. The results indicate that the 
radiative noise of excavator distributes mainly on engine block followed by cooling 
fan，exhausted system and drive system.  
Secondly,research on the characteristics of noise source were done in order to 
reduce the radiative noise and the noise around driver’s ears of the excavator. （1）
Based on GT-power software，the performance of the original muffler was analyzed 
by simulation. The structure of the muffler was optimized by using the classical 
theory of muffler design which provided us with theoretical basis to reduce the noise 
of the exhausted system. （2）Fluent was used to simulate the change of flow field 
during the working process of the cooling fan based on CFD theory. The effects of 
relevant structural parameters of the fan and the wind scooper on aerodynamic noise 
were explored respectively which provided us with reference to select the suitable fan 
and wind scooper. （3）The inner structure of the gearbox was analyzed and The 
generating mechanism of the noise was found. The radiative noise was reduced by 
optimizing the structure of the gearbox and its internal transmission. （4）Based on 
modal theory，modal analysis for sheet parts of engine compartment was carried out 
by using HyperWorks. Structural resonance was avoided by optimizing the number 
and layout of stiffeners which reduced the noise and vibration level to some extent. 
Then，noise reduction was achieved from the perspective of controlling the noise 
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radiation through the research on the travel path of noise source. The acoustic module 
in Fluent was used to simulate the heat dispersion and aerodynamic noise of different 
inlet and exhaust grid. The change law of flow field，temperature field and sound field 
of circular hole，slot hole and square hole inlet and exhaust grid were obtained 
respectively which provided us with guidance to achieve thermal equilibrium and 
noise reduction of wheel loader engine compartment. 
Finally，the structure of muffler，cooling fan，hood，gearbox and engine 
compartment were improved according to the research results. Vibration and noise 
measurements were done for the improved excavator. We can come to the conclusion 
after comparing the testing results between the original excavator and the one after 
improvement that the vibration and noise level of the improved excavator reduced a 
lot which verified the feasibility and effectiveness of the improvement. 
Key words：Noise source identification,control of the noise source,travel path 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目   录 
 
目   录 
摘要 ............................................................................................................. 7 
目录 ........................................................................................................... 12 
第一章 绪论 .............................................................................................. 1 
1.1 研究背景 .......................................................................................................... 1 
1.2 轮式挖掘机噪声控制技术国内外研究现状 .................................................. 2 
1.3 课题来源和研究意义 ...................................................................................... 3 
1.4 论文的主要研究内容 ...................................................................................... 4 
第二章 轮式挖掘机噪声测试与分析 ...................................................... 7 
2.1 轮式挖掘机噪声国家标准要求 ...................................................................... 7 
2.2 轮式挖掘机噪声产生的原理及控制噪声的方法 .......................................... 8 
2.3 某型轮式挖掘机噪声测试及分析 ................................................................ 10 
2.3.1 某型轮式挖掘机噪声源分析............................................................... 10 
2.3.2 整机噪声源识别方法........................................................................... 11 
2.3.3 麦克风阵列声源定位技术................................................................... 11 
2.3.4 噪声源识别定位试验........................................................................... 13 
2.3.5 噪声控制方法....................................................................................... 15 
2.4 本章小结 ........................................................................................................ 15 
第三章降噪措施—声源控制 .................................................................. 17 
3.1 发动机系统噪声处理 .................................................................................... 17 
3.1.1 发动机进气噪声处理........................................................................... 17 
3.1.2 发动机排气噪声处理........................................................................... 20 
3.2 发动机冷却风扇的选型与优化 ................................................................... 31 
3.2.1 冷却风扇的声学分析.......................................................................... 31 
3.2.2 利用 Fluent 进行风扇的优化设计 ..................................................... 32 
3.3 整机传动元件的优化设计 ............................................................................ 39 
3.3.1 变速箱结构设计................................................................................... 40 
厦
门
大
学
博
硕
士
论
文
摘
要
库
某型轮式挖掘机噪声测试与控制技术研究与应用 
 
3.3.2 变速箱振动噪声机理........................................................................... 40 
3.3.3 变速箱的优化设计............................................................................... 40 
3.4 覆盖件的模态分析与优化设计 .................................................................... 44 
3.4.1 采用 Hyperworks 软件进行薄板件的模态分析 ................................. 45 
3.4.2 动力机舱结构模态分析...................................................................... 45 
3.4.3 发动机舱的结构优化........................................................................... 48 
3.5 总结 ................................................................................................................ 50 
第四章 降噪措施—噪声传播路径控制 ................................................ 51 
4.1 研究思路 ....................................................................................................... 51 
4.2 几何模型 ........................................................................................................ 52 
4.3 数学模型 ........................................................................................................ 52 
4.4 边界条件 ........................................................................................................ 54 
4.5 收敛判定 ........................................................................................................ 55 
4.6 计算结果与分析 ............................................................................................ 56 
4.6.1 不同栅格形式的散热性能................................................................... 58 
4.6.2.不同栅格形式的气动噪声................................................................... 60 
4.6.3.不同开孔率的气动噪声....................................................................... 60 
4.7 小结 ................................................................................................................ 61 
第五章 降噪措施装机试验 .................................................................... 62 
5.1 消声器的改进 ................................................................................................ 62 
5.1.1 消声器内部结构参数具体设计........................................................... 62 
5.1.2 新消声器的装机测............................................................................... 63 
5.2 风扇的改进 .................................................................................................... 64 
5.2.1 风扇的改进措施................................................................................... 64 
5.2.2 风扇改进后装机测试........................................................................... 65 
5.3 机罩覆盖件的改进 ........................................................................................ 66 
5.3.1 改进措施............................................................................................... 66 
5.3.2 机罩改进后装机测试........................................................................... 66 
5.4 变速箱改进 .................................................................................................... 67 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目   录 
 
5.4.1 改进措施............................................................................................... 67 
5.4.2 变速箱的改进测试............................................................................... 67 
5.5 发动机机仓改进 ............................................................................................ 68 
5.5.1 改进措施............................................................................................... 68 
5.5.2 发动机机仓改进测试........................................................................... 68 
5.6 所有改进措施装机测试 ................................................................................ 69 
第六章 总结与展望 ................................................................................ 70 
6.1 总结 ................................................................................................................ 70 
6.2 展望 ................................................................................................................ 71 
参考文献 .................................................................................................. 73 
攻读学位期间所取得的相关科研成果 .................................................. 76 
厦
门
大
学
博
硕
士
论
文
摘
要
库
CONTENTS 
 
CONTENTS 
ABSTRACT ............................................................................................... 7 
CONTENTS ............................................................................................. 12 
Chapter 1 Introduction ............................................................................. 1 
1.1 Research background .............................................................................. 1 
1.2 Research status of noise control technology for wheel excavator ....................... 2 
1.3 The source of the subject and its research significance .............................. 3 
1.4 The main contents of this thesis .................................................................... 4 
Chapter 2 Noise measurement and analysis of wheel excavator .......... 7 
2.1 National standards of wheel excavator .............................................................. 7 
2.2 The generating theory and the control method of wheel loader noise ................ 8 
2.3 Noise measurement and analysis of a wheel loader ......................................... 10 
2.3.1 Noise source analysis of a wheel excavator ......................................... 10 
2.3.2 Noise source identification method of complete machine ................... 11 
2.3.3 Microphone array sound source localization technology .................... 11 
2.3.4 Identification and location experiment of noise source ....................... 13 
2.3.5 Control methods of noise ..................................................................... 15 
2.4 Chapter summary ........................................................................................... 15 
chapter 3 Noise reduction measures-control of noise source .............. 17 
3.1 Noise disposal of engine system ....................................................................... 17 
3.1.1 The disposal of engine inlet noise ........................................................ 17 
3.1.2 The disposal of engine exhausted noise ............................................... 20 
3.2 The selection and optimization of engine cooling fan ....................................... 31 
3.2.1 Acoustic analysis of cooling fan ........................................................... 31 
3.2.2 Optimization design of fan by using Fluent .......................................... 32 
3.3 Optimization design of drive element .............................................................. 39 
3.3.1 Structural analysis of gearbox .............................................................. 40 
厦
门
大
学
博
硕
士
论
文
摘
要
库
某型轮式挖掘机噪声测试与控制技术研究与应用 
 
3.3.2 Vibration and noise mechanism of gearbox ......................................... 40 
3.3.3 Optimization design of gearbox ........................................................... 40 
3.4 Modal analysis and optimization design of covering parts .............................. 44 
3.4.1 Modal analysis of sheet parts by using Hyperworks ........................... 45 
3.4.2 Structural modal analysis of engine compartment ................................ 45 
3.4.3 Structural optimization of engine compartment .................................. 48 
3.5 Summary ........................................................................................................ 50 
Chapter 4 Noise reduction measures-control of noise travel path ..... 51 
4.1 Research approach .......................................................................................... 51 
4.2 Geometrical model .......................................................................................... 52 
4.3 Mathematic al  model ....................................................................................... 52 
4.4 Boundary condition ........................................................................................ 54 
4.5 Convergence determination ............................................................................ 55 
4.6 Result and analysis ......................................................................................... 56 
4.6.1 Heat dispersion of different grid ........................................................... 58 
4.6.2. Aerodynamic noise of different grids .................................................. 60 
4.6.3. Aerodynamic noise of different aperture ratio ..................................... 60 
4.7 Brief summary ................................................................................................ 61 
Chapter 5 Noise reduction measures and prototype test .................... 62 
5.1 Improvements of muffler ................................................................................ 62 
5.1.1 Detailed design of inner structure of muffler ....................................... 62 
5.1.2 Installed test of new muffler ................................................................. 63 
5.2 Improvements of fan ....................................................................................... 64 
5.2.1 Improvement measures of fan .............................................................. 64 
5.2.2 Installed test of improved fan .............................................................. 65 
5.3 Improvements of engine hood covering parts .................................................. 66 
5.3.1 Improved measures .............................................................................. 66 
5.3.2 Installed test of improved engine hood ................................................ 66 
5.4 Improvements of gearbox ............................................................................... 67 
厦
门
大
学
博
硕
士
论
文
摘
要
库
CONTENTS 
 
5.4.1 Improvement measures ........................................................................ 67 
5.4.2 Improvement test of gearbox ............................................................... 67 
5.5 Improvements of engine compartment ............................................................ 68 
5.5.1 Improvement measures ........................................................................ 68 
5.5.2 Improvement test of engine compartment ........................................... 68 
5.6 Installed test of all improved measures ........................................................... 69 
Chapter 6 Conclusion and prosect ........................................................ 70 
6.1 Conclusion ...................................................................................................... 70 
6.2 Prospect ........................................................................................................... 71 
References ................................................................................................ 73 
Achievements ........................................................................................... 76 
厦
门
大
学
博
硕
士
论
文
摘
要
库
第一章 绪论 
1 
第一章 绪论 
【摘要】介绍轮式挖掘机存在的噪声问题以及主要的控制措施，分析了国内外对
于轮式挖掘机噪声控制的研究现状，提出了本文的研究依据和研究的意义，最后
对本文的主要研究内容进行总体论述。 
【关键词】轮式挖掘机；噪声；研究内容 
1.1 研究背景 
在轮式挖掘机的多种评价标准（可靠性、动力性、燃油经济性、柴油机排放、
舒适性）中，噪声、振动与舒适性（NVH; Noise, Vibration, Harshness）是衡量其
品质的重要指标。轮式挖掘机具有多样的功能，轮式挖掘机是采用轮胎式行走的
挖掘机，通常应用于农田土壤改良、林业工程水利水电施工、工业与民用建筑、
交通运输工程、城镇建设，对节省人力、减轻体力劳动，提高劳动生产率具有较
大的作用。图 1.1 是某型号轮式挖掘机的外形图。轮式挖掘机工作工况非常恶劣，
工况复杂且多变。由于轮式挖掘机工作过程是挖掘工作装置不停的挖掘，同时回
转和卸载，前进后退，负载变化频繁。轮式挖掘机的动力源的传递包括柴油机、
液压泵、液压马达、变速箱、传动轴、驱动桥及阀油缸等部件，它们的运转过程
经常会受到循环、往复的冲击。轮式挖掘机的工况多变性，决定了轮式挖掘机存
在广泛的噪声和振动。 
 
图 1.1：某型号轮式挖掘机外形图 
轮式挖掘机的振动主要有两个方面：一方面是轮式挖掘机自身运动部件的旋
转；另一方面是外部工况条件的作用，如轮式挖掘机挖掘受外部负载的变化，在
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行驶过程中道路不平整、行驶速度以及转向的变化都会使得地面对轮胎作用力的
大小和方向突然发生变化，产生振动。柴油机、液压系统、传动驱动系统、回转、
挖掘装置以及物料等是轮式挖掘机产生振动源的几个系统。其中，柴油机是轮式
挖掘机的一个重要的振动和噪声源。柴油机振动的传播会降低轮式挖掘机整机可
靠性和使用寿命，这也会使驾驶员感到疲劳，导致工作效率下降。 
目前在轮式挖掘机上主要采用橡胶减振器降低驾驶室、座椅和柴油机的振
动，橡胶减振系统的设计不能使驾驶员的舒适性以及工作的平稳性的问题得到很
好地解决。为了解决这方面的问题，目前有很多解决方法，如汽车采用悬置弹簧，
这个具有一定的成效，但还是不可以从本质上解决被动悬架的缺点。在飞机一些
高端制造业的悬置采用主动悬置，但这一技术的制造价格高，在轮式挖掘机上还
没有使用。由于主动悬置系统具有很好的隔振和降低噪声的优点，这个在未来的
数字化工程机械上得到发展和应用。 
降低噪声的研究方向主要有以下几种方向，一种有源噪声控制，主动降噪功
能是采用与外部噪音相反的声波，使噪声抵消达到降噪的目的。这种降噪技术发
展比较滞后，但在高速计算机和 DSP 等新技术出现后，人们发明了”降噪技术”。
它的原理是：声音是由一定的频谱构成，需要找到与噪声一样的波形但相位相反
的声音，就可以消除噪声。重点工作是找到这种声音。实际采用的方法是：电子
设备使产生的噪声波的相位相反，对原噪声进行中和，来降低噪声。但是，这种
降噪方法的理论非常复杂，使用范围受到很大的制约，必须保证两个声波的相位
相反或接近相反，才可以起到消声作用，否则可能会起到反作用。另一种降噪措
施是被动降噪，即目前主流的一些降噪方法。比如低转速柴油机、消声器优化、
静音风扇、风道的设计优化、提高传动元件的加工和装配精度、降低液压节流噪
声、通过吸音或隔音降噪、优化改善由于振动产生的噪声等方面来实施降噪措施。 
1.2 轮式挖掘机噪声控制技术国内外研究现状 
噪声控制技术的研究在中国起步较晚，但发展很快，取得了许多很好的效果
和技术，并获得了良好的应用。 
近年来，轮式挖掘机的数量也逐年增加。由轮式挖掘机产生的噪声已成为城
市施工建设的主要噪声源之一。国内的轮式挖掘机噪声控制方面与国外先进水平
有很大的差距。在噪声测量和噪声限值法规方面，我国轮式挖掘机产品的噪声控
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